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IPMSM model 

Transformer 

ELF/magic 
magnetic relay 

Wireless PT 



Yoshihiro Ishi 

Electric apparatus 

My background is not 100% accelerator. 



B-H curve 
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B-H loops 

Most of EM software (e.g. TOSCA) uses 
B-H curve, instead of B-H loops.  

approx. 

Kitao et.al Doshiha Univ. 



Iron loss is important in electric vehicles. 

Toyoda T.I.  Univ. 
NREL 

electric vehicle inverter driven 
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※50A470 

Hysteresis models can reproduce BH-loops 
pretty well. 



Horita et.al. KURRI 

ーFFAG@KURRI 

ーFFAG@KURRI + corrector 

ーFFAG@KURRI + corrector + patch 

Corrector coil 

Pole Piece Patch 

Motohasi et.al. Kyushu 



By optimizing the initial current pattern, 

tune corrections will be performed 

without any additional components. 

Btarget        map 
initial current pattern  

0

200

400

600

800

1000

1200

1400

C
u
rr
e
n
t[
A
]

TIME

F

D

Horita et.al. KURRI 

g
a

u
s

s
 

orighorita BBB 



 Introduction 

 Play model 

 Research process 

 A-Φ and TOSCA 

 Summary 



Play model Jiles-Atherton Stoner-Wohlfarth Micromagnetics 

Theory 

Accuracy good 
difficulty in  
minor loop  

difficulty in minor 
loop  

excellent 

Identification reasonable not easy not easy reasonable 

Computation 
time 

fast fast slow very slow 

Number of 
parameters 

20-80 
5 (scalar) 

15 (vector) 
4N too many 

 
    E = Ksin2MHcos  
 
       K: Anisotropy param. 
       : easy axis angle 
       : magnetization angle 
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Kitao et.al Doshisha Univ. 
Mathematically equivalent to Preisach 

Phenomelogical model Physics-based model 
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shape functions are different in each material 
Kitao et.al Doshisha Univ. 



pn
*: = previous step pn 

Cart model Play hysteron 
Kitao et.al Doshisha Univ. 
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pn
*: = previous step pn 

Cart model Play hysteron 
Kitao et.al Doshisha Univ. 
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pn
*: = previous step pn 

Cart model Play hysteron 
Kitao et.al Doshisha Univ. 
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Cart model Play hysteron 

O

p

(B)

B

=0.2 p

 (B )=  0.2

B =  0.0









),max(

)(
*

*

pB

pB
BBp








 

        
 
 n = nBmax/Np  (n = 0, 1, …, Np1)  

p 1

0

( ) ( ( ))

N

n n
n

H B f p B 





 

Shape functions 
 

        0  n  Bmax 
 

 Bmax+ n  pn(B)  Bmax n  
 

0 n  

n 

2n  

Bmax 

Bmax 

pn (B) = B + n 

pn (B) = B  n  

pn(B) 

B 

Play hysteron 

, , ,( ) ( ) ( )j j jn n n n n nn
f p f p p p       

B 

p0 

p1 

p2 

・ 

・ 

・ 

・ 

・ 

f0 

f1 

f2 

・ 

・ 

・ 

・ 

・ 

H 

H 

B 

 

fNp-1 pNp-1 

H (B ) is given as sum of play hysteron operated by shape functions  
Kitao et.al Doshisha Univ. 



Identification of shape functions 

 form measured B-H loops 

measured B-H loops 
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Kitao et.al Doshisha Univ. 

⊿B = constant 
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※50A470 

Play model can reproduce BH-loops pretty well. 



2.12  プレイモデルの特徴 

 (2) equivalent minor loops 

When the input b is (b1  b  b2), 

the output Δh is the same. 

 (1) time independent 

DC hysteresis. 

not dependent on time but history 

 (4) local maximum 

Play model is independent before 

the local minimum 

Minor loops whose Δb is smaller 

than the measurement step can 

not be reproduced. 

（3）Reproducibility of the minor loops 

Kitao et.al Doshiha Univ. 
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 (2) equivalent minor loops 
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（3）Reproducibility of the minor loops 

 (4) local maximum 
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B: scalar，H: scalar 
pn

*: scalar，fn : scalar 

Scalar model 
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B: vector，H: vector 
pn

*: vector，fn: scalar 

Vector model 
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Vectorization of Play model is rather simple. 
Kitao et.al Doshisha Univ. 
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Software Variables 

TOSCA 
Accelerator 

magnets 
Reduces magnetic scalar potential 
Total magnetic scalar potential 

T-Ω  
U.S. 

Ansys 
Infolytica 

T: current vector potential 
Ω : magnetic scalar potentail 

A-Φ  
Japan 
JMAG 

EMSolution 

A: magnetic vector potential 
Φ : electric scalar potential 



Step 1: 
 
A-Φ + play model (Hysteresis model) 
  commercial software available 
  (e.g.               ,                     ) 
 
Question 1 
 A-Φ VS TOSCA, similar performance? 
  (without hysteresis effects) 
 
 
Staff: B4 student@ Kindai Univ. 
Status: Now on going. 



Step 2: 
 
TOSCA + play model 
  no source code distributed 
   
Question 2 
 How can we incorporate? 
 
 With python scripts,  
  TOSCA + play model work? 
 
Stuff: Me 
Status: Need grant to purchase TOSCA 
 



Step 3: 
 

B-H loop measurement 

   

Question 2 

 How low the frequency can be? 

 

Stuff: Prof. K. Fujiwara@ Doshisa Univ. 

Status:1st data obtained. 
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Step 4: 
 
 play model VS B-map measurement 
 in accelerator magnets 
 
Question 3 
 Accuracy is OK? 
 DC hysteresis (time independent) ok? 
 
Stuff: M1 student @ Kindai Univ.    
  under Dr. Kuriyama@ KURRI 
 



Step 5: 
 
 initial pattern optimization 
 
Question 4 
 
Predicted tunes be reproduced? 
 
Stuff: All of the authors. 
Status:  not yet  
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Tittarelli et.al. Univ. Lilli 

true value 

True values are in between A-Φ and T-Ω. 
 
T-Ω has similar characteristics to TOSCA. 



r=5300mm 

r=4900mm 

r=4300mm 

0° 
5.12° 10.24° 

15° 6.82° 

F magnet：  814 A 50 T 
D magnet： 980 A 5 T 

～100 gauss 

～1000 gauss 

r=4900mm 
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Shoulder problem 

We tried to use finer mesh but did not work out. 

One idea is to solve 2D-problem to check 
if this is a meshing problem. 



TOSCA JMAG EMSolution 

Vendor Cobham (U.K.) JSOL (Japan) SSIL (Japan) 

Typical 
 application 

accelerator 
magnets 

motor motor 

Hysteresis 
generate from 

upper and lower 
play model play model 

Mesh 
generation 

1）preprocessor 
2) Mosaic mesh 
3) tetrahedron 

1) tetrahedron 
1) import only 
2) hex/tetra 

Element order 1st and 2nd 1st 1st and 2nd 

Coil external  to be meshed external 

Speed fast slower slower 
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TOSCAhys
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(a) Hybrid method 

JMAG or EMSolution 

TOSCA 

(b) Python Script based Play model 
(c) Collaborate with Cobham 

We have not tried yet. 

gauss100JMAGTOSCA  BB

almost impossible 



We have just started our project. 

(Please watch with warm eyes)  

 

1. Recent progress of hysteresis model 

 

2. Our research plan 

 

3. A-Φ and TOSCA benchmark 

 


